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1) Origin of Altitude Training: Live High — Train High
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9 Olympic Games 1968 in Mexico City (Altitude 2300m)
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U Results of the Olympic Games 1968 in Mexico City F

H Bern University
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Fuchs U, Reiss M. .Hb6hentraining — Das Erfolgskonzept der Ausdauersportarten. Philipka,, Miinster 1990, Trainerbibliothek.
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U Live High — Train High F
Preparing for Competitions at Altitude
8
6 - —@— Saltin 1966; LHTH; 2300m ; Olympic endurance athletes; n = 13

8 —A— Pugh 1967; LHTH; 2270m; Runners; n = 6
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Days at altitude
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© Live High - Train High F

H Bern University
of Applied Sciences

Preparing for Competitions at Sea Level

Living high - Training high

Advantage Disadvantage
Reduced
absolute
training
intensity

"red cell volume"
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© Live High - Train High F

H Bern University
of Applied Sciences

Reduced Absolute Training Intensity at Altitude

10

Squires & Buskirk et al. 1982
Terrados et al. 1985
Paterson et al. 1987
Lawler et al. 1988
Peltonen et al. 1995
Gore et al. 1996

Gore et al. 1997
Chapman et al. 1999
Peltonen et al. 2001
Freidmann et al. 2004
Wehrlin & Hallén 2006
Friedmann et al. 2007
O Mollard et al. 2007
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Wehrlin & Hallén, Eur J Appl Physiol, 2006
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2) Live High — Train Low Altitude Training:

Concept and Background Information




0 Live High — Train Low F

H Bern University
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Preparing for Competitions at Sea Level

“Living high-training low”: effect of moderate-altitude
acclimatization with low-altitude training on performance

BENJAMIN D. LEVINE! AND JAMES STRAY-GUNDERSEN?

!Institute for Exercise and Environmental Medicine, Presbyterian Hospital of Dallas 75231; and
2Baylor/The University of Texas Southwestern Sports Science Research Center;

The University of Texas Southwestern Medical Center, Dallas, Texas 75235

Levine & Stray-Gundersen, J Appl Physiol, 1997
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0 Live High — Train Low

Bern University
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Preparing for Competitions at Sea Level
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Levine & Stray-Gundersen, J Appl Physiol, 1997
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0 Live High — Train Low
H

Preparing for Competitions at Sea Level

Bern University
of Applied Sciences

Living high - Training low _ i
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U Live High — Train Low

Blood — Concentration Measures

F

H Bern University
of Applied Sciences

Hematocrit (Hct; %)
Percent red blood cells
Men ca. 45%

(Critical value men 50%)

Hemoglobin (Hb; g/dl)
Mean value ca. 15g/dl /
(critical value 17g/dl)

Red color in red blood cells, Binds
the oxygen

Federal Office of Sport, Magglingen, Switzerland
Jon Peter Wehrlin, PhD, Section for Elite Sport
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g Live High — Train Low -
H Bern University
Blood of Applied Sciences
Hb 15g/dl
9 —
Hematocrit: 44%

8 |
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3 Hb 15g/dI
= 6 Blood
Q Hematocrit: 44% plasma
E 5 -
=
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i Blood
o 3 - plasma
o
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Untrained XC skier
Problem: We do not know how the absolute values are!
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U Live High — Train Low

Blood volume (L)

Blood

Bern University
of Applied Sciences

Hb (g/dl) and Hct (%): Effects of changes in plasma volume

Hct 45%

Hct 43%

Hct 47%

Important factors:

- Position: (horizontal = | vs vertical = Hct 1
- Hydratation status (low = Hct 1; high |)

- Training (acute = Hct 1; after = Hct |)

- Altitude: (acute = Hct 1)

- Heat: (acute = Hct 7; chronic| )

Federal Office of Sport, Magglingen, Switzerland

Jon Peter Wehrlin, PhD, Section for Elite Sport
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U Live High — Train Low

Blood — Absolute values

Blood volume:
8000 ml

1256 g

Hemoglobin mass:

Red cell volume:
3520 ml

F

H Bern University
of Applied Sciences

Plasma volume:
4480 ml

Federal Office of Sport, Magglingen, Switzerland
Jon Peter Wehrlin, PhD, Section for Elite Sport
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0 Live High — Train Low F

H Bern University
of Applied Sciences

Blood

" Hamoglobin

=> Total amount of hemoglobin in g

Globin

Ham-Gruppe

CO-rebreathing method (100 years):

- Revived by Fogh-Andersen et al. (1990) and
Thomsen et al. (1991) and is now frequently used
in Sports Science and Sports Medicine:

- “Optimized method” by
Schmidt and Prommer (2005)

- with minor modifications
(Prommer & Schmidt 2007)

Meta-Analysis about Error Measurement for blood
volume paramters (Gore et al. 2005):
=> CO-rebreathing-method has the lowest error

Federal Office of Sport, Magglingen, Switzerland 19
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9 Endurance sport: VO, - Possible limiting factors

Bern University
of Applied Sciences

Lung diffusion capacity

Heart capacity

Oxygen transport
capacity

Muscle capacity

Bassett DR and Howley ET. Limiting factors for
maximum oxygen uptake and determinants of
endurance performance. Med Sci Sports Exerc.
2000; 32: 70-84.
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U Live High — Train Low

Blood
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Endurance Sport: Blood Doping

F
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....can move you from 30t" place to the podim
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country Skiers: blood doping or? Clin J Sports Med, 2003, 132-7
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0 Importance of the hemoglobin mass: Blood doping F

H Bern University
of Applied Sciences

Switzerland Spain

TogessAwciger SPORT

ki —
Neue Testergebnisse bringen

Gedopter Thomas Frei erkliirt, wie er die Contador in Erklarungsnot

Kontrolleure jeweils tiuschte

Von Emil Bischofberger. Akt

Unermiidlich beteuert der Tour-de-France-Sieger
Contador seine Unschuld. Doch er wird neu belastet.
Auch seine Schutzmacht, der Weltverband UCI, steht
am Pranger.

Dor droimalige Toursieger Alberto Contador

Gostandg
Bl Keysione

USA Denmark

.....etc.
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Increase in Red Cell Volume (Hemoglobin mass)
with rhEPO Doping

20 - —#&— Blood volume
i —&— Red cell volume
15 - —a&— Plasma volume
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Lundby et al., J Physiol, 2007
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13 weeks
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H

Bern University
of Applied Sciences
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U Live High — Train Low

F
H

Blood
25
Sea Level
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Training

Doping

1 2

Increase in elite leisure
VO2max (1%) (6%)

Schmidt & Prommer Exerc Sport Sci Rev, 2010

LH-TL LH-TH
(3%) (4%)

rhEPO or transfusion
(7-8%) (15%)

Bern University
of Applied Sciences
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2) Live High — Train Low Altitude Training:

Effects on Hemoglobin Mass and Sea Level Performance

Key Question | for Elite Endurance Athletes:

How should i plan LHTL that hemoglobin mass increases?




Live High — Train Low =

H Bern University

of Applied Sciences
Blood

Stimulus:
 Normalblood oxygen fevels dDwe cm"amsad am‘?ﬂ';md
/ 7 / é!tab{ood , Of increased

ssue demands for O,

lncreasedﬁ‘ \
carrving abillty
< blood

" Declining O, levels
~ inblood

More
RBCs t.' '“"'
b -,."
Enhanced ‘ e
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bone Ireleases
marrow erythroponetm

Wilber, R. Altitude Training and Athletic Performance. Human Kinetics. 2004.
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g Live High — Train Low F
SO .o university
Blood — Situation when we started 10 years ago of Applied Sciences
Authors Year Altitude Duration Duration Technique Result
(h) RCM/Hb, ..

Levine et al. 1991 EB 1T BV

Stray Gundersenetal. | 1992 EB 0

Harper et al. 1995 EB 0

Levine et al. 1997 EB 0

Svedenhag at al. 1997 1900 4 weeks 720 | N

Klausen et al. 1992 2000 6 days 144 -

Friedmann et al. 1996 1800 3 weeks 504 —

Telford et al. 1996 1760 4 weeks 672 —

Gore et al. 1998 2690 4 weeks 744 (o{0) N

Ashenden et al. 1999 2650 12 days 207 —

Ashenden et al. 1999 2650 2 weeks 108 —

Ashenden et al. 2001 3000 4 weeks 207 —

Dehnert et al. 2002 1956 2 weeks 182 —

Adapted from Ashenden et al. 1999, Eur J Appl Physiol, 80:479-484
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€ LHTL with CO Rebreathing and high enough hypoxic dose

18 1
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Hemoglobin mass (g - kg'1)
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Red cell volume (ml“kg™)

Wehrlin JP., Zuest P, Hallen J, Marti B, J Appl Physiol, 100: 1938-1945, 2006
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Bern University
of Applied Sciences
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€ Live High — Train Low — Studies with CO Rebreathing Method

I RCV (%)

mass

Change in Hb
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Laitinen et al. 1995 (Abstract only; n=7Runners; LHTL; Simulated altitude: 2500m; 20-28 days; CG)
Svedenhag et al. 1997 (n=7 XC-skiers; LHTH; Real altitude: 1900m; 30 days; EB)

Levine et al. 1997 (n=13 Runners; LHTH; Real altitude: 2500m; 28 days; CG; EB)

Levine et al. 1997 (n=13 Runners; LHTL; Real altitude: 2500m; 28 days; CG; EB)

Gore et al. 1998 (n=8 Cyclists; LHTH; Real altitude: 2690m; 31 days; CO)

Rusko et al. 1999 (Abstract only; n=10 XC-Skiers/Triathletes; LHTL; Simulated altitude: 2500m; 25 days; CG; CO)
Ashenden et al. 1999b (n=7 Runners; LHTL; Simulated altitude: 2650m; 12 days; CG; CO)

Ashenden et al. 1999a (n=6 Cyclists/Triathletes/XC-skiers; LHTL; Simulated altitude:3000m; 23 days; CG; CO)
Dehnert et al. 2002 (n=11 Triathletes; LHTL; Real altitude: 1956m; 14 days; CG; CO)

Saunders et al. 2004 (n=10 Runners; LHTL; Simulated altitude: 2000-3100m; 20 days; CG; CO)
Friedmann et al. 2005 (n=16 Junior swimmers; LHTH; Real altitude: 2100-2300m; 21 days; CO)
Heinicke et al. 2005 (n=10 Biathletes; LHTH; Real altitude: 2050; 21 days; CO)

Brugniaux et al. 2006 (n=5; LHTL; Simulated altitude: 2500-3000m/1200m; 18 days; CG; CO)

Robach et al. 2006 (n=9 Swimmers; LHTL; Simulated altitude: 2500-3000m/1200m; 13 days; CG; CO)
Robach et al. 2006 (n=6 XC-skiers; LHTL; Simulated altitude: 2500-3500m/1200m; 18 days; CG; CO)
Wehrlin & Marti 2006 (n=2 Runners; LHTL; Real altitude: 2456/1800m; 26 days; CO)

Wehrlin et al. 2006 (n=10 Orienteers; LHTL; Real altitude: 2456m/1800m/1000m; 23 days; CG; CO)
Neya et al. 2007 (n=10 runners; LHTL; Simulated altitude: 3000m; 29 days; CO)

Pottgiesser et al. 2008 (n=7 Cyclists; LHTH; Real altitude: 1816m; 21 days; CO)

Saunders et al. 2009 (n=9 Runners; LHTL; Simulated altitude: 2860m; 46 days; CO)

Wehrlin et al. 2009 (Submitted; n=7; Cross-country skiers; LHTL; Real altitude: 2590m; 21 days; CG)
Clark et al. 2010 (n=12 cyclists; LHTL; Simulated altitude: 3000m)

E =

Hemoglobin mass
+ 1% per 100h
at 2300-2500m

| | | | |
100 200 300 400 500

Time in hypoxia (hours)

600 700

800

Federal Office of Sport, Magglingen, Switzerland
Jon Peter Wehrlin, PhD, Section for Elite Sport
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U Live High — Train Low F

H Bern University
of Applied Sciences
Blood & Performance
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Effect on maximal oxygen uptake ( ) Effect on Hb or red-cell mass ( ) Effect on exercise economy ( )

Natural altitude: Artificial altitude:

@ Live-high train-high O Live-high 8-18 h/d continuous, train-low A Live-high <1 5 h/d intermittent, train-low
B Live-high train-low [ Live-high 1.5-5 h/d continuous, train-low X Live-low train-high 0.5-2 h/d

=> |[n summary, natural LHTL currently provides the best protocol for enhancing
endurance performance in elite and subelite athletes

Bonetti & Hopkins, Sea level Exercise performance following adaptation to Hypoxia, Sports Med, 2009
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3) Is performance after LHTL altitude
training increased? E

of Applied Sciences

=> Keep in Mind:

Secure distance for a good

Good =
individual competition result
level of
aerobic i AT g o~
capacity
e

Large individual variation

Re-acclimatization

Unstable
phase

v

S

el Vg ] L) T

24681012 14 16 1820 246 8 10 12 14 16 18 20 22 24 26 28
Time (days)

T T T L} T L} Al

Millet et al., Sports Med, 2010 (modified after Reiss)
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3) Individual Hemoglobin Mass Respones

Key Question Il for Elite Endurance Athletes:

Did MY Hemoglobin Mass increased with my LHTL Regimen?

Federal Office of Sport, Magglingen, Switzerland 33
Jon Peter Wehrlin, PhD, Section for Elite Sport



0 Individual Hemoglobin Mass Responses F

H Bern University
of Applied Sciences

Statistical Significance vs. Practical Relevance

1100
1080 -
1060 -
1040 1 ——————mmmmm e -
1020 -
1000 -
980 -
960 -
940 -
920 A
900 -
880 A
o1 — —
Pre Altitude Post Altitude

Hemoglobin mass (g)
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0 Individual Hemoglobin Mass Responses F

1100

H Bern University
of Applied Sciences

1080 -
1060 -
1040 -
1020 -
1000 -
980 -
960 -
940 -
920 -
900 -

Hemoglobin mass (g)

880 -

Measured

Measured

| ! 9

o7 e

Pre Altitude

Post Altitude

Federal Office of Sport, Magglingen, Switzerland
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0 Individual Hemoglobin Mass Responses F

H Bern University
of Applied Sciences

1100
1080 -
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Hemoglobin mass (g)
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I
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0 Individual Hemoglobin Mass Responses F

H Bern University
of Applied Sciences

1100

1080 -
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—~ 10404 —=——— = —_———— -
2 + 4% 4\
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0 Double Hemoglobin Mass Measurements

1100
1080 -
1060 - 3 weeks at 1800m (St. Moritz)
—~ 1040 -
2
w 1020 A
L .
£ 1000 A +2.2%
c T T T T T T E T _:_'_'_E_
s =1 3] |3 3| |3
> 960 - 3 5 e 2
9 : - o S
£ 940 - = = > 5
o =} =) (7] 7]
0 (72} © (3]
T 920 - S < 8 S
= = = =
900 -
880 o
4
0 |1 1
Pre Altitude Post Altitude

F

H Bern University
of Applied Sciences
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U Individual Hemoglobin Mass Response (LHTL) F

H Bern University
of Applied Sciences

9 -
7 .
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©
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Pre Post Anna Hauser
PhD Student
Magglingen —
Lausanne
Hauser et al. (In Preparation)
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4) Examples: Experiences with Swiss National Team Athletes




Example: Experiences with Swiss National Team Athletes

Bern University
of Applied Sciences

eady Lo ride!
sw@clmg

2010 LHTL Altitude Training ,,Best Practice*

2011 Individual Adaptations

2012 London Olympic Games

Federal Office of Sport, Magglingen, Switzerland 41
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0 Example: Experiences with Swiss National Team Athletes F

H Bern University
of Applied Sciences

R 8 2
O |E 2
= |E go _
Q— Io o (@) —
3 | 2o Y
(&) oAN ow (]
z© z & o)
=B 5 o 5 =
el = = 2 — |‘_‘s
O v -
; o European
9 Championships
LHTL Bernina Hospiz © Haifa
Weeks after LHTL Il 7 7. - 11.7.2010
25.5-13.6.2010 1 2 3 23-28 days after LHTL
I I I
A
<)) m
© =) o o
Q 3= % = % = =
2 3 &8 8] SSl és
- O = —© —© Y
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Example: Experiences with Swiss National Team Athletes F

H Bern University
of Applied Sciences

Performance:
Capacity Test with
Self selected Speed
+3.3%

(unpublished Data)

Federal Office of Sport, Magglingen, Switzerland 43
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0 Example: Experiences with Swiss National Team Athletes F
H

Bern University
of Applied Sciences

Live high (2456m) and
train "low" (1800m) for 26 days

IR R .

f——
=

& & -
o o ) 2 = <
. ) < * ) £ * 5 g 5
Wehrlin J, Marti, B. - < ' é < e gL £
o o o i) = S 3 ()
Br J Sports £ 22| |82 3| |2E g St &
Med. (2006) s 3| |38 §| |3 ¢ S v 2
= ss| |28 (8¢ 5 £8
5 sa| | EE Etl(ga| |§5 FE &
5 sl |82 S| |188| |[8¢8 0% ©
N m £ ) 3= m £ v <= 2§ =
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Example: Experiences with Swiss National Team Athletes F

H Bern University
of Applied Sciences

Table 1 Haematological variables before and after 26 days of living high and training
low in two world class runners

5000 m runner Marathon runner
Before After % change Before After % change
Packed cell volume 0.388 0.386 -0.5 0.427 0.438 +2.5
hin (g/l) 132 133 =8 154 15Z S04
Haemoglobin mass 878 945 +7.6 952 988 +3.9
Eryfhrocyte volume (m 2581 WAL . 46,3 2605 - 2757, 58
Plasma volume (ml) 4728 5064 +5.8 4099 4160 +3.9
Blood volume (ml) 7309 7807 +6.8 6704 6917 +3.2

Wehrlin J, Marti, B. Br J Sports Med. (2006)

Federal Office of Sport, Magglingen, Switzerland 46
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Example: Experiences with Swiss National Team Athletes F
H Bern University
of Applied Sciences
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2010: 1. Place, European Championships Barcelona

Live at 2307m Live at 2307
Ve a m Marathon at the European
Train at 1800m Train at 1800m Championships
Train at 400m Train at 400m Barcelona (Spain)
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Prix de Quervin 2014

Congratulations to Raphael Faiss!

Congratulations to Grégoire Millet!

Thanks for excellent collaboration!
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g Panorama of altitude training strategies

Altitude/Hypoxic TW
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LHTH LHTL

Millet et al (2 ombining hypoxic methods for peak performance. Sports Med
Wilber (2007) Application of altitude/hypoxic training by elite athletes. Med Sci Sports Exerc






